Understanding the differentiation process of pathogenic protozoa may contribute to the identification of alternative possibilities for developing new drugs and treatment strategies for parasitic diseases. Trypanosoma cruzi is the causative agent of Chagas disease (Chagas 1909) . Its life-cycle includes the transformation from non-infective and replicating epimastigotes into nondividing and infective metacyclic trypomastigotes. This process, referred to as metacyclogenesis, occurs naturally in the gut of the triatomine insect vector and can be reproducibly mimicked in vitro under chemically defined conditions .
Various cell populations can be distinguished during the in vitro metacyclogenesis process: epimastigotes harvested from growing medium (LIT), epimastigotes subjected to a nutritional stress (NS) (a requirement for differentiation), differentiating epimastigotes (parasites adhered to the culture flask at various times during the process) and metacyclic trypomastigotes (Bonaldo et al. 1988) . The transcriptomes of these cell populations determined by microarray analysis have been compared and various differentially expressed genes have thereby been identified. Interestingly, the gene encoding a calpain-like protein (the gene was recently named TcCALPx11) is up-regulated in epimastigotes under NS (Epistress) (Probst et al., unpublished observations) .
Calpains (CA) are calcium-dependent cysteine proteinases found in all living organisms and are involved in diverse cellular processes including apoptosis, signal transduction, differentiation and cytoskeleton remodeling (Ono et al. 1998 changes within the active-site and/or the absence of EF-hand calcium-binding domains. Nevertheless, these proteins are involved in signal transduction and cell differentiation (Dear et al. 1997) . Genome sequences of the Tritryps (T. cruzi, Trypanosoma brucei and Leishmania major) have recently become available: the cysteine peptidases in these species are a large family of proteases which include CALP (Ivens et al. 2005) . A recent study provided a comprehensive in silico analysis of CALP in Tritryps and reported their potential role in cell functions (Ersfeld et al. 2005) . Here, we describe the characterization of a member of this family, which is differentially expressed during the life-cycle of T. cruzi.
The gene encoding the T. cruzi CALP, TcCALPx11 (GeneDB ID Tc00.1047053506563.210), was identified by microarray analysis as being differentially expressed by T. cruzi during metacyclogenesis. Its expression during NS preceding T. cruzi metacyclogenesis was 2.53 times higher than that observed in epimastigotes (Probst et al. unpublished) . This gene is a member of group 1, the group consisting of the most conserved CALP (Ersfeld et al. 2005) . TcCALPx11 has 692 amino acid residues with an estimated molecular weight of 78.2 kDa, showing 60% amino acid identity with TbCALP1.2 (GeneDB ID Tb927.1.2110) of T. brucei. The active catalytic site of calpain proteases presents an amino acid triad consisting of cysteine, histidine and arginine (Sorimachi et al. 2001 ). In the case of TcCALPx11, the cysteine is substituted by a serine residue; indeed, amino acid changes in the active site are common in CALP. However, bioinformatics analysis of TcCALPx11 gave no indication of putative acylation motifs, as is the case in the T. brucei related CAP5.5 (Hertz-Fowler et al. 2001 ), but several phosphorylation sites were identified.
We used real-time PCR (qPCR) to quantify Tccalpx11 mRNA in polysomal mRNA fractions ) from epimastigotes, epimastigotes under NS and 24h-adhered (differentiating) parasites; values obtained were normalized to those for the mRNAs encoding GAPDH (Tc00.1047053503687.20), histone H2B (Tc00.1047053511635.10) and a hypothetical protein gene (Tc00.1047053510351.80). Tccalpx11 mRNA was indeed 2.5 times more abundant on average in epimastigotes under NS than in epimastigotes growing in complete medium (Table) . There were no major differences in the amounts of the total RNAs, suggesting that stage-specific expression is the result of differential mobilization of mRNAs to the polysome fraction, as described for other T. cruzi genes (Avila et al. 2003) .
Antiserum against a recombinant TcCALPx11-GSTfusion protein was used to test for TcCALPx11 production. Protein extracts from T. cruzi at various stages of differentiation were analyzed by western blotting and a single 80 kDa protein band was found in epimastigotes. This corresponds to the estimated molecular weight of TcCALPx11 without post-translational acylation, thereby confirming the prediction from in silico analysis. Analysis of protein extracts from parasites during metacyclogenesis showed an increase in the abundance of TcCALPx11 in parasites under NS, whereas it was not detected in metacyclic trypomastigote extracts (Fig. 1A) . Furthermore, TcCALPx11 was not detected by western blotting during T. cruzi amastigogenesis (Fig. 1B) , suggesting that it is epimastigote-specific. As mentioned previously CA are involved in signal transduction and cytoesqueletal remodeling; the epimastigote-specific expression could suggest a role of TcCALPx11 in the adaptation of this form to the insect vector environment.
Proteomic and microarray analysis data suggest that several of the CALP identified in kinetoplastida are differentially expressed (Minning et al. 2003 , Atwood et al. 2005 . For example, the CAP5.5 protein of T. brucei is differentially expressed during the cell cycle with an increase in the procyclic stage (Hertz-Fowler et al. 2001) and the META 2 protein of Leishmania amazonensis (a SKCRP type protein) is most abundant in promastigotes (Ramos et al. 2004 ). We analyzed protein extracts prepared from parasites after having undergone various periods of NS and found that the abundance of TcCALPx11 increased two-fold after 1 h of stress (Fig. 1C) . This was consistent with the microarray and real-time PCR data, which showed a 2.5-fold increase in the expression of TcCALPx11. This increased expression at the onset of the metacyclogenesis is consistent with a role in the differentiation process; alternatively, TcCALPx11 might be a stress-induced protein. We tested three types of stress (nutritional, temperature and acidic pH) and found that TcCALPx11 expression increased irrespective of the type of stress applied to the parasite (Fig. 1D ). Thus, it is possible that TcCALPx11 has a general role in the T. cruzi stress response.
To study the function of TcCALPx11, the full-length gene was inserted into the pTEX expression vector and vector was introduced into the parasite. Western blot anal- a: gene expression quantification relative to epimastigotes; b: using the mean of expression of the three genes (GAPDH, H2B and hypothetical protein gene) to normalize the samples. Differential expression of TcCALPx11 during metacyclogenesis. Epimastigote forms of the T. cruzi isolate Dm28c were grown at 28ºC in liver infusion tryptose (LIT) medium. Cells were differentiated in vitro into metacyclic trypomastigotes under chemically defined conditions (TAU3AAG medium) as previously described (Bonaldo et al. 1988 ). The parasite's polysomal RNA fraction was prepared as described by Goldenberg et al. (1985) . Two-step real-time RT-PCR assays were performed in an ABI PRISM 7000 Sequence Detection System (Applied Biosystems) and results were normalized by the standard curve method using GAPDH (GAPDHf GTGATGGGGAGGCGCAAAAACTAC GAPDHr GCAAAAGCACCACTAATGACAGAA), histone H2B (H2Bf CGGTGGTGCGCGTCAACAAGAAGC H2Br CCAGGTCCGC-CGGCAGCACGAG) and a hypothetic protein gene (Hypf -TGACGGGGACGAATGCCTTTTTGT Hypr -CCTCCTCCATG-GCGTTGTTCTTCA) as normalizers. Samples were assayed in a 20 µL reaction mixture containing 10 ng of retrotranscribed RNA from the sample and the recommended concentration of SYBR Green Master Mix (Applied Biosystems). All reactions contained 4 pmol of the specific primers (3451f -5´ CGTGCCATGAGCATGTATCC3´ and 3451r -5'GAAACGCAACTCGCAC-CTG3'). PCR conditions were as follows: 10 min at 95ºC, followed by 50 cycles of 95ºC for 15 s and 55ºC for 20 s and 72ºC for 1 min. For the SYBR Green-based assay, a melting curve analysis was performed following the amplification, to ensure that the correct product had been obtained by checking its specific melting temperature. Microarray analyses were performed using the polysomal RNA fraction of the different parasite forms. A T. cruzi PCR product microarray was analyzed by competitive hybridization in a GeneTac automated hybridization station (Genomic Solutions). Slides were scanned in a 428 Array Scanner (Affymetrix). Images were analyzed with Spot software. The resulting data were corrected for background and normalized, using the normexp and PrintTip-Loess methods, respectively, within the Limma package. Western blots were quantified using the One DScan E X 3.1 software (Scanalytic) using the expression of the PEPCK protein as a reference. All protein quantifications were performed in at least three independent assays. ysis showed a 3-fold increase of the protein in transfected parasites compared with control parasites (Fig. 2A) . However, no morphological or structural alterations were evident in the transfected cells. In addition, over-production of TcCALPx11 did not alter the growth curves or the differentiation rates of the parasites (not shown).
In the various organisms in which they have been identified, CA are cytoplasmic proteins commonly associated with the cytoskeleton or cellular membranes through fatty acid modifications (Sorimachi et al. 2001) . No potential sites for myristoylation or palmitoylation were found in the aminoacid sequence. The predicted absence of acyl modifications suggests that TcCALPx11 is not associated with membranes. Immunolocalization assays (Fig. 2B ) with wild-type and transfected epimastigote forms indicated that TcCALPx11 is in the cytoplasm and is slightly more expressed in transfected parasites ( Fig. 2B-1 ) than in wild-type parasites (Fig. 2B-4) . T. brucei CAP5.5 calpain protein was found to be associated with the parasite cytoskeleton. We performed biochemical fractionation of cells into detergent soluble and insoluble fractions as previously described (Woods et al. 1989) . Western blot analysis of the corresponding protein fractions showed that the protein partitioned mainly in the insoluble fraction, though some signal could be observed in the soluble fraction. Expressions of β-tubulin and TcPUF6, a soluble cytoplasmic RNA binding protein (Dallagiovanna et al. 2005) , were used as controls of the integrity of protein extracts (Fig. 2C) .
We also tried to characterize any protease activity of TcCALPx11: we used SDS polyacrylamide gels containing co-polymerized gelatin and in vitro protease assays (d'Avila-Levy et al. 2003) to assay the soluble recombinant fusion protein and the native protein immunoprecipitated from T. cruzi extracts. However, we detected no proteolytic activity, consistent with other CLP. The loss of the protease function and the differential expression observed suggests that this protein may have a role in signal transduction. (10 7 parasites) analyzed were epimastigotes (E), epimastigotes subjected to nutricional stress by incubation in TAU medium (Tau 2 h), differentiating epimastigotes (24 h), metacyclic trypomastigotes (M) and amastigotes after various times of differentiation (Ama 24 h, 48 h, 72 h). Protein extracts from parasites after various times of nutricional stress (C). Parasites were exposed to nutritional (Tau), temperature (37 0 C Temp) and pH 5 (pH) stress for 30 min or 2 h (D). Lower panels: same membranes were incubated with an anti-PEPCK serum as a control for protein loading. To obtain the recombinant protein, the Tccalpx11 gene coding sequence was amplified by PCR (CalpF -5´ CGGGATCCTATGGCGTCATACGGG3´ and CalpR -5´ CGAAGCTTCTATTCAACTTGAATG3´) and inserted into the pGEX-A vector (Amersham Biosciences). The recombinant GST fusion protein partitioned mainly in the soluble fraction after induction of the E. coli M15 culture with 1 mM IPTG. The protein samples were then purified by affinity chromatography on a gluthationeSepharose 4B columm (Amersham Pharmacia Biotech) according to the manufacturer's instructions. Swiss-Rockefeller mice were immunized weekly using intramuscular injections of approximately 10 µg of purified protein. On day 24, 5 x 10 6 TG180 sarcoma cells were also injected into the mice to increase the quantity of serum. Total protein extracts were prepared by resuspending PBS-washed parasites in SDS-PAGE sample buffer (10 6 parasites/µL). Proteins were fractionated in 10% SDS-polyacrylamide gels, transferred onto nitrocellulose membranes (Amersham) and incubated in the presence of anti serum (1/500 dilution). Membranes were thoroughly washed and incubated with alkaline phosphatase conjugated anti-mouse IgG (Sigma) to detect bound antibodies. Fig. 2A : western blot analysis of protein extracts from transfected parasites (1) and control parasites (vector alone) (2). Lower panel: the same membranes are incubated with an anti-PEPCK serum as a control for protein loading. Log-phase epimastigotes were electroporated in the presence of 100 µg of vector DNA as described (Lu & Buck 1991) . Transfected parasites were selected by continuous growth in the presence of 500 µg/mL of G418 (Sigma) and were cloned by serial dilution; B: immunofluorescence assays (IFA) of transfected epimastigotes (1) or wild-type epimastigotes (4) with propidium iodide staining (2, 5) and phase contrast (3, 6). Bar = 10 µm (panel B-1). IFA were performed as previously described (Nardelli et al. 2007 ); C: western blot analysis of total (1), soluble (2) and insoluble (3) epimastigote protein fractions following detergent extraction, corresponding to 10 7 parasites, using anti TcCALPx11 (upper panel), anti β-tubulin (middle) and anti-TcPUF6 (lower) sera.
